Psychostimulants, as well as cannabinoids, have been shown to significantly affect a great variety of behaviors in both humans and laboratory animals. Our previous studies have repeatedly demonstrated that the application of the vehicle for psychostimulants, i.e. saline, to control groups, generated different behavioral test results compared to absolute naïve controls (i.e. without any injection). Therefore, our present study has set three goals: (1) to evaluate the effect of three different psychostimulant drugs, (2) to evaluate the effect of three doses of delta 9-tetrahydrocannabinol (THC), and (3) 
demonstrated that the application of the vehicle for psychostimulants, i.e. saline, to control groups, generated different behavioral test results compared to absolute naïve controls (i.e. without any injection). Therefore, our present study has set three goals: (1) to evaluate the effect of three different psychostimulant drugs, (2) to evaluate the effect of three doses of delta 9-tetrahydrocannabinol (THC), and (3) to evaluate the effect of saline and ethanol injections vs sham injections and no injection on spontaneous behavior of adult male rats. The LABORAS test (Metris B.V., Netherlands) was used to examine spontaneous locomotor activity and exploratory behavior in an unknown environment over 1 h. In Experiment 1, psychostimulant drugs were tested: single subcutaneous (s.c.)
injections of amphetamine (5 mg/kg), cocaine (5 mg/kg), and 3,4-methylenedioxymethamphetamine (MDMA) (5 mg/kg) were applied prior to testing. Control animals received the same volume (1 ml/kg) of s.c. saline. In Experiment 2, the effect of three doses of THC (1, 2, and 5 mg/kg, s.c.) were examined.
An s.c. injection of vehicle (ethanol) was used as a control. In Experiment 3, injections of saline and ethanol were compared to the group receiving a sham s.c. injection and to a group of absolute "naïve" controls. Our results demonstrated that (1) all psychostimulants increased locomotion time, distance traveled, and speed while decreasing immobility time of adult male rats relative to saline controls. The most prominent effect was associated with MDMA; (2) The effect of THC was dosedependent and was most apparent within the first 10 min of the LABORAS test. (3) With regard to the effect of injection: absolute controls (without injection) compared to animals injected with ethanol, saline, or sham-injected displayed reduced immobility time, traveled longer distances, and had increased speed. In conclusion, our data showed drug dependent behavioral changes in adult male rats after application of psychostimulants and cannabinoids. Our findings also suggest that not only drugs but the actual single injection per se also affects the behavior of laboratory animals in an unknown environment. This effect seems to be associated with the acute stress associated with the injection.
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Introduction
Psychostimulant drugs have been shown to significantly affect a great variety of behaviors in humans (Sommers et al. 2006 ) and laboratory animals (Hayase et al. 2005 , Hayase et al. 2006 . In humans, psychostimulants evoke either positive emotions of joy and happiness or suppress negative states of anxiety or types of depression (Nesse and Berridge 1997) . In extreme cases, chronic exposure to psychostimulant drugs may result in aggressive psychosis and paranoia (McGregor et al. 2008) . Individuals suffering from substance use disorders often show severely impaired social interaction, preferring drugs of abuse over social interaction (Zernig et al. 2013) . Long-lasting alterations Vol. 67 in the emotional state, such as fear, anxiety, social receptivity, depressive symptoms as well as memory deficit, have been demonstrated in laboratory rats given psychostimulants (Hayase et al. 2005 , McGregor et al. 2003 , Navarro et al. 2004 , Páleníček et al. 2005 , Thompson et al. 2008 , Williams et al. 2003 , which matches the long-term changes reported in human studies (Clemens et al. 2007) . Animal studies examining the effects of acute application of psychostimulants have reported anxiolytic-like effects in various animal models, even though there is substantial evidence supporting anxiogenic-like effects as well (Navarro et al. 2004 , Paine et al. 2002 .
All of the most frequently abused psychostimulant drugs (amphetamines, cocaine, 3,4-methylenedioxymethamphetamine (MDMA)) are known to affect the noradrenergic, dopaminergic, and serotoninergic systems of the brain. The ratio of involvement of these neurotransmitter systems differs between the mentioned psychostimulant drugs. While amphetamines seem to mostly affect the noradrenergic, followed by the dopaminergic and then the serotoninergic system, cocaine and MDMA seem to mostly affect the serotoninergic system (Fleckenstein et al. 2000 , Rothman et al. 2001 , Shoblock et al. 2003 . Therefore, the first goal of the present study was to compare the effect of the three psychostimulant drugs (amphetamine, cocaine, MDMA) on the behavior of adult male rats in an unknown environment.
Similarly, to psychostimulants, cannabinoids also have varied effects on behavior, which are dosedependent (Katsidoni et al. 2013) . At this time, 66 phytocannabinoids have been identified, with the most common being: cannabigerol (CBG), cannabichromene (CBC), cannabidiol (CBD), Δ9-tetrahydrocannabinol (THC), and Δ8-THC (Elsohly and Slade 2005). THC is the most psychoactive cannabinoid extracted from marihuana. Of the known cannabinoid receptors, only CB1 are normally found in the brain, spinal cord, and peripheral nervous system (Pertwee 1997). Activation of CB1 receptor produces marijuana-like effects on behavior and the circulation, while activation of CB2 does not. THC has an approximately equal affinity for CB1 and CB2, however, its effectiveness is less at CB2 than at CB1 receptors (Grotenhermen 2004) . Even though THC primarily acts at cannabinoid receptors, it also indirectly increases dopamine release North 1992, Szabo et al. 2002) and stimulates serotonin-mediated neurotransmission after acute treatment (Johnson et al.
1981, Macúchová and Šlamberová 2017).
The effect of THC is characterized by a unique psychological mixture of depressant and stimulant effects, which can be divided into four groups: affective (euphoria, enhanced well-being, anxiety), sensory (increased perception of external stimuli), somatic (a feeling that the body floating), and cognitive (disturbed memory, difficulty concentrating). It is still under discussion whether heavy regular use may impair cognition, however, a disruption of sensory processing and impaired learning and memory have already been reported in humans after chronic THC administration (D'Souza et al. 2004) . A cessation of long-term administration of THC has been shown to lead to withdrawal symptoms including insomnia, sweating, and inner unrest. Although these symptoms are mild, and the risk of physical and psychic dependency is low compared to other drugs of abuse (Grotenhermen 2004) , it seems that the THC dose plays an important role in its effect. Our previous studies demonstrated diverse THC effects on cognition, social behavior, and active drug-seeking behavior, however, this diversity was due to the different doses administered . Thus, the second goal of the present study is to examine the psychostimulant effect of three different doses of THC on behavior in an unknown environment.
In addition, our previous studies repeatedly demonstrated that behavior of saline-injected controls differed from absolute naïve controls (i.e. without injection) (Bernášková et al. 2017 , Holubová et al. 2017 , Šlamberová et al. 2002 . Studies by other research teams have also found that saline injection can act as a stressor (Drago et al. 2001 , Kiyatkin and Lenoir 2011 , Raap et al. 2000 . However, none of the studies examined if it was the effect of saline or of the injection per se. Therefore, the third goal of the present study was to test the effect of two different vehicles (saline and ethanol) (s.c.) injections plus sham injections (s.c.) compared to a naïve control group (i.e. without injection, sham or otherwise).
As in our previous studies Šlamberová 2017, Schutová et al. 2013) , the LABORAS apparatus (Metris B.V., Netherlands) was used to examine the effect of psychostimulant drugs and the effect of injections on the behavior of animals in an unknown environment.
Methods
The procedures for animal experimentation applied in this study were reviewed and approved by the 
Drug treatment
Three experiments were conducted as described below. The animals were randomly assigned to groups. All 3 experiments were run in parallel. Since experiments were carried out using only two LABORAS platforms, the animals from all 3 experiments were tested alternately to avoid tampering with the environment or with a group from the same cage.
Experiment 1
Psychostimulant drugs (n=8 per group), amphetamine (5 mg/ml/kg), cocaine (5 mg/ml/kg), or MDMA (5 mg/ml/kg), were administered subcutaneously (s.c.), under the skin behind the neck, immediately prior to testing. The group administered saline (1 ml/kg) was used as a control to compare the effects of psychostimulants.
Experiment 2
The most potent cannabinoid with psychostimulant effect, THC (n=8 per group), was dissolved in ethanol and administered s.c. in different doses (1, 2, and 5 mg/kg). Controls for THC were administered the same concentration and volume of ethanol (7.2 % ethanol at 1 ml/kg).
Experiment 3
Different control groups (n=8 per group) were compared -(1) single s.c. injection with physiological saline (1 ml/kg), (2) single s.c. ethanol injection (7.2 % ethanol at 1 ml/kg), (3) single s.c. sham injection, and (4) naïve controls without injection.
Behavioral testing
Behavioral testing took place in the morning (from 8 am to 11 am) in a darkened room. Because the animals were housed on a reversed light/dark cycle, they were tested during their active period.
Animals received s.c. injections of the tested drug or vehicle in a volume of 1 ml/kg immediately prior to testing in the LABORAS apparatus, which was situated in a dark room. The LABORAS is a fully automated system for continuous behavior recognition and tracking of small rodents as described by Schutová et al. (2013) . The behavior of the animals was recorded for 1 h. The animals were not habituated to the apparatus beforehand, so their first exposure to the novel environment was on the day of the testing. As in our previous study (Schutová et al. 2013) , the 1-hour period was divided to six 10-minute intervals (Intervals), so we could follow the changes in behavior during the habituation time in the LABORAS apparatus.
The 
Statistical analysis
A One-way ANOVA (Injection) with Repeated Measure (Intervals) was used for each Experiment separately. The Bonferroni test was used for post-hoc comparisons. Differences were considered significant if p<0.05.
Results

Experiment 1
As shown in Figure 1 , MDMA increased locomotion [F(3, 29) There were no differences in the time spent rearing and grooming. 
Experiment 2
There were few differences in the effect of THC on the LABORAS test performance (Fig. 2) . The lowest dose of THC (1 mg/kg) shortened the time spent in locomotion [F(15, 140)=3.39; p<0.0001] during the first 10-minute interval relative to ethanol controls and higher doses of THC. On the other hand, the highest dose of THC (5 mg/kg) increased the distance traveled [F(15, 140)=1.90; p<0.05] and average speed [F(15, 140) =1.90; p<0.05] during the first 10-minute interval relative to ethanol controls and lower doses of THC. There were no differences in the time spent rearing and grooming.
Experiment 3
As shown in Figure 3 , naïve controls without any injection traveled longer distances [F(3, 28)=18.25; p<0.0001], had higher speed [F(3, 28)=18.25; p<0.0001] and spent less time immobile [F(3, 28)=3.5910, p<0 .05] than the ethanol-, saline-and sham-injected groups. There were no differences in the time spent rearing and grooming. 
Discussion
The present study was conducted in order to better understand the effect of psychotropic drugs and the effect of solvent and/or injections on spontaneous behavior of laboratory rats.
MDMA, when administered at a dose of 5 mg/kg, increased locomotion, distance traveled, and average speed, as measured using the LABORAS test, more than any of the other tested psychostimulant drugs. The activity (locomotion, distance traveled, and speed) was also increased after amphetamine within the first 10-minute period (LABORAS test). Cocaine, on the other hand, did not increase locomotion at all. Amphetamines and their related drugs generally are known to increase locomotor activity, which seems to be associated with increased levels of dopamine (Bubeníková-Valešová et al. 2009 , Zhang et al. 2001 . The increase of horizontal activity induced by MDMA is dose-dependent (Gold et al. 1989 ) and therefore we suggest that an MDMA dose of 5 mg/kg was high enough to induce a greater response than the same dose of amphetamine, which could be considered as a low or medium dose, and thereby does not induce a substantial increase in locomotion (Gold et al. 1989 , Zhang et al. 2001 ). Cocaine's lack of effect on locomotion is supported by our previous work (Šlamberová et al. 2015) .
The effect of THC in the present study was dosedependent and affected only the first ten minutes of the test. While the highest dose 5 mg/kg increased speed, which also affected the distance traveled, the lowest dose 1 mg/kg decreased locomotion time. Biphasic dosedependent effects of THC on spontaneous motor activity have been reported in several studies (Katsidoni et al. 2013, Wiley and Martin 2003) . While low doses (e.g. 0.1 mg/kg) of cannabinoids increase motor activity, higher doses (1 mg/kg) decrease it and produce catalepsy, although several pharmacological (i.e. dose and route of administration) and non-pharmacological (i.e. rat phenotype, habituation and reaction to novelty, influence of the light/dark cycle) factors can significantly influence these effects. It should be noted that the present study tested doses ≥1 mg/kg. So, it is possible that the dosedependent effect of THC is not only biphasic but might be U-shaped. Moreover, McMahon and Koek (2007) reported that the hypoactivity induced by THC was maximum from 1 to 2 h after drug administration and was not detected after 4 h. Because the present study tested animals for the effect of THC for only a 1-hour period, it is possible that a longer experiment might show other differences. Thus, future studies are planned to test the long-term effects of THC.
The most surprising effect of the drugs was the finding of that some drugs such as THC, at certain doses, and partially amphetamine and MDMA showed differences during the first ten minutes of the experiment. Moreover, the THC and amphetamine influenced locomotion only during the 0-10 min interval after s.c. injection, which then were normalized. This result is very hard to explain and therefore we can only speculate. Because the effect cannot be explained by pharmacokinetics (Hložek et al. 2017 , Lucas et al. 2018 , Rambousek et al. 2014 , it is possible that these specific drugs might somehow induce local effects that might Vol. 67 affect behavior of the animal resulting in increased locomotion. Such effects might be due to local analgesic effect or due to some local stressful stimulus. This is however only speculation and will require further studies to be verified or refuted.
Regarding the injection-effect: naïve controls (without injection) compared to animals injected with ethanol, physiological saline, or sham injections, showed reduced periods of immobility, traveled longer distances, and had increased speed. So, our uncertainty about the effect of the injection per se or the effect of the solvent, especially the physiological saline, seems to be clarified. The present study clearly supports our hypothesis regarding the effect of injections per se. Thus, it seems that the injection (regardless of the solution injected) induces changes in the behavior of rats, which may be associated with the stress reaction and activation of the hypothalamic-pituitary-adrenal axis (Gomez and GarciaGarcia 2017).
In conclusion, our results show that in adult male rats administration of either psychostimulants or cannabinoids produced unique behavioral changes that appear to be dose-dependent. Our findings also suggest that not only drugs but also the injection itself can affect the behavior of laboratory animals in an unknown environment. This effect is thought to be associated with an acute stress response. Future studies are planned to investigate other types of experimental manipulations (e.g. different types of injection -subcutaneous versus intraperitoneal, the effect of prior handling, environmental condition, etc.) and make comparisons to results mentioned in an article by Lapin (Lapin 1995).
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